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1. Project Overview

We conducted a six-month investigation of the design, analysis, and software implemen-
tation of a class of singularity-insensitive, scalable, parallel nonlinear iterative methods for
the numerical solution of nonlinear partial di�erential equations. The solutions of nonlinear
PDEs are often nonsmooth and have local singularities, such as sharp fronts. Traditional
nonlinear iterative methods, such as Newton-like methods, are capable of reducing the global
smooth nonlinearities at a nearly quadratic convergence rate but may become very slow once
the local singularities appear somewhere in the computational domain. Even with global
strategies such as line search or trust region the methods often stagnate at local minima of
kFk, especially for problems with unbalanced nonlinearities, because the methods do not
have built-in machinery to deal with the unbalanced nonlinearities. To �nd the same so-
lution u� of F (u) = 0, we solve, instead, an equivalent nonlinearly preconditioned system
G(F (u�)) = 0 whose nonlinearities are more balanced. In this project, we proposed and
studied a nonlinear additive Schwarz based parallel nonlinear preconditioner and showed
numerically that the new method converges well even for some diÆcult problems, such as
high Reynolds number ows, when a traditional inexact Newton method fails.

2. Papers Supported in Part by the Subcontract

[1] Xiao-Chuan Cai and David E. Keyes, Nonlinearly Preconditioned Inexact Newton

Algorithms, SIAM J. Sci. Comput, 2000, submitted.

[2] Xiao-Chuan Cai and David E. Keyes, A Nonlinear Additive Schwarz Preconditioned

Newton's Method, Proceedings of the 13th International Conference on Domain Decomposi-
tion Methods. To be submitted.

3. Concluding Remarks

We developed a general framework of nonlinearly preconditioned inexact Newton meth-
ods. As an example, we formulated and tested numerically a nonlinear additive Schwarz
preconditioner. Our test results for a two-dimensional incompressible ow problem showed
that the method is fast, and insensitive to the high Reynolds numbers. The method has
great potential for other nonlinearly diÆcult problems, such as (1) problems whose solutions
have local singularities such as shocks or nonsmooth fronts; and (2) multi-physics problems
with drastically di�erent sti�ness that require di�erent nonlinear solvers based on a single
physics submodel.
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